Abstract. The structure and development of the akinete of a blue-green algae, Cylindrospermum sp., was investigated with the light and electron microscopes. Only the sub-terminal cell which appears to divide immediately before the onset of development becomes an akinete. There is first an elongation and then a rounding out of the sub-terminal cell. The akinete that develops is larger than a vegetative cell, but it has the same cell wall components and the same kinds of inclusions. There are an unusually large number of structured granules and ribosomes present. The akinete, in contrast to the vegetative cell, has a heavy fibrous coat outside the i nner investment, and an electron dense substance accumulates within the fibrous coat. The fibrous coat is of medium electron density. The electron dense sub stance is drawn outward into rays, and the fibrous coat and the inner investment are separated by an electron transparent layer in the mature akinete.
Introduction
A blue-green algal filament may simultaneously contain several morpho logically distinct types of cells which in Cylindrospermum occur in only specific places in the filament.
In the Cylindrospermum sp. investigated, a mature filament has a terminal heterocyst and a sub-terminal akinete at each end of the filament; the rest of the cells are vegetative cells. The distinctive cell types and the rigid order of their position indicate a differential gene activity within the filament. The purpose of the following investigation was to determine the nature and extent of this differential gene activity within blue-green algal cells by following the morphological changes in the development of one of the derived cell types, the akinete, with light and electron micro scopy.
Numerous reports have dealt with the fine structure of the vegetative cell. These include the more recent studies by Pankratz and Bowen (1963) , Wildon and Mercer (1963a) , and Jost (1965) . Wildon and Mercer (1963b) and Lang (1965) have described the heterocyst; and in their paper, Wildon and Mercer also briefly treated the akinete. Miller and Lang (1968) have recently described the formation and germination of the akinete.
Methods and materials
A blue-green alga, Cylindrospermum sp., Indian University culture col lection LB942, (Starr 1964) ften contained beta granules and numerous ribosomes, but other granule types were rarely seen. The heterocyst has a wide electron transparent layer and a heavy outer coat between the outer layer of the wall and the sheath (Fig. 1) .
As differentiation continued, the sub-terminal cells elongated (about 911 long, in Fig. 2 ) and accumulated a number of structured granules. The large size and granule accumulation indicate a differentiating cell which may be called an immature akinete. More advanced cells (Fig. 3 ) differed from the preceding cells in that they began to accumulate a fibrous coat, much Fig. 4 (Fig. 11) were observed. In general, the akinete appeared to be an enlarged vegetative cell with a special outer coat. It had the same envelope structure as a vegetative cell, with the exception that the intermediate layer of the wall was sometimes thickened. The granular inclusions are also the same as those of the vege tative cell, although they are proportionately larger and more numerous.
Discussion
In the month old cultures which were rapidly turning brown with new akinetes, there were dividing sub-terminal cells. This suggests that an akinete may develop from a newly divided cell. The heterocyst develops early in the germling so that it too must develop from a newly divided cell. A question arises from this observation that may be of some merit. Does the differentiation of cell types in blue-green algae arise from newly divided cells only, or from cells which have existed for some time as vegetative cells, or from both? Differentiation of a new cell type form an established vegetative cell implies the modification of the activity of genes which up to that time were maintaining a vegetative cell, while differentiation of a new cell type from newly dividing cells implies that the gene activity of the cell is altered to a new pattern during DNA replication. The division of sub-terminal cells before the onset of akinete development may indicate that the latter is the case in blue-green algae.
The EDS cannot be seen to accumulate within the cell at any time but seems to materialize as an electron dense substance within the fibrous coat. It is possible that the pigment is a condensation product, or a modification of the material of the fibrous coat itself. The reason for confinement of EDS to rays rather than a general diffusion is not apparent in the micrographs. Perhaps it escapes through the cell wall only at particular sites, or first deposits serve as sites for further deposit. The rays of EDS are probably the punctations seen by light microscopists (Prescott 1951) . The EDS could function as a mask against radiant energy either as a general protection or to prevent some particular light reaction inappropriate in an akinete.
No indication of the means by which the fibrous coat material gets from the cell interior to the outside of the cell was observed. It seems most likely that, for both the EDS and fibrous coat material, monomers are synthesized inside the cell and then migrate to the outside of the cell where they are polymerized.
The light and electron transparent layer appears empty in the akinete of Cylindrospermum.
If the akinete is compared to the Azotobacter cyst and the Bacillus endospore, the electron transparent layer appears to correspond to the cyst intine and to the endospore cortex respectively. The cyst of Azotobacter is very similar in appearance to an akinete. The intine con tains a granular and fibrillar material in an electron transparent background (Wyss et al. 1961) . Bacillus endospores are structurally less comparable to the akinete than cysts. Endospores have a laminated spore coat rather than a single fibrous coat and a cortex membrane (Warth et al. 1963) which is not present in the akinete. The cortex layer of the endospore seems more comparable than other spore coat layers to the electron transparent layer of the akinete. Like the cyst intine, the endospore cortex is fibrillar and granular. To the extent that the electron transparent layer of the akinete is comparable to the cyst intine and endospore cortex, it may be more structured than it appears. On the other hand, this layer may be a viscous layer of little electron density. The electron transparent layer is light transparent in light micro graphs and is consequently not an artifact.
A great deal of synthesis must occur in the developing akinete since it grows to a much greater size than a vegetative cell. In line with this is the accumulation of a tremendous number of ribosomes in the mature akinete.
Polyribosomes cannot be seen in the developing or mature akinetes. They may not be present or they may be obscured by the density at which the ribosomes are packed. The mature akinete retains its thylakoids. Miller and Lang (1968) have indicated that the enlargement of the sub terminal cell "is accompanied by condensation of the mucilaginous sheath and deposition of a dense fibrillar substance in localized areas within it". We have interpreted the localized electron dense material as amorphous, rather than fibrillar, while recognizing that it is intimately associated with the fibrous material of the akinete coat. The akinete coat, itself, is clearly fi brous and is thick and dense compared to a vegetative cell sheath. It is, thus, not a simple condensation of the sheath but clearly involves new synthesis of materials which may or may not be present in the sheath. Miller and Lang (1968) indicate the separation of the protoplast and the spore coat oc curs as an immediately preliminary to germination. We fell that the formation of an electron transparent layer is a part of the normal development of the mature akinete and is not an immediate preliminary to germination. This is based on the routine observation of this layer with both light and electron microscopy in mature akinetes maintained in old media where germination is inhibited.
The mature akinete is both quantitatively and qualitatively different than vegetative cells. In a quantitative sense the akinete is larger, the cytoplasm more dense, and the storage granules larger and more numerous than in vege tative cells. The intermediate layer of the cell wall sometimes becomes thickened. Wildon and Mercer (1963b) have suggested that the large granules of akinetes were different than the structured granules of vegetative cells. There does not seem to be any reason for this distinction, on the basis of the micrographs presented here. The distinction between the akinete and the vegetative cell is a quantitative one from the cell wall inward. The akinete is qualitatively different from the vegetative cell to the outside of the cell wall. The EDS in the coat of the mature akinete is not apparent in vegetative cells. The materials of the fibrous coat and of the electron transparent layer are probably also distinct. These qualitative differences indicate the induction of certain genes. The quantitative differences could be due to continued metabolism in the absence of cell division.
